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Electron cyclotron resonance discharges have been used for 
processing plasma as well as acting as an ion beam source. A 
significant advantage of ECR plasma sources is their high 
electron density which can be achieved at low gas pressures. 
Recently, great interest has been directed toward the 
uniformity and the area of the plasma since the uniformity of 
ECR plasma usually depends on such experimental 
conditions. We have already reported the experiments which 
indicated that the electric field strength of the extraordinary 
wave (the X wave) was small around the center of the 
unifonn plasma, and became large at the radial edge of the 
plasma. Furthennore, recent numerical results show 
evidence for the propagation or, absorption of the left-handed 
circularly polarized wave (the L wave) or other modes in the 
ECR plasma even on the condition; that the magnetic field 
strength is greater than the ECR condition ( co I co ce < 1 ) or 
that the electron plasma frequency is higher than the wave 
frequency (co I co pe < 1). Recently, electromagnetic waves 
that propagate up to the outside ECR region have been 
giving some attention in a numerical simulation for plasma 
processing. Therefore, the behavior of electromagnetic 
waves around plasma boundaries, where their medium 
abruptly changes, should be understood clearly. 
The vacuum chamber was made of stainless steel with an 
inner diameter of 0.29 m. A substrate holder which was 
electrically isolated from the ground could be set at various 
axial positions, and in this experiment, was set at 0.42 m 
(Z:0.42 m) from the quartz window. Microwaves of 2.45 
GHz were used at the principal mode and the microwave 
power could be varied up to 5 k W. The gas used was Ar. The 
electron cyclotron resonance point was set at Z:0.29 m. 
As the mirror ratio was increased, the uniformity was 
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improved and the plasma diameter decreased. By 
two-dimensional measurement, it was found that the peaks 
in the periphery of such hollow density profiles were along a 
magnetic field line. In the region outside the peaks, the 
electron density was low around the nodes of the mirror 
field; here called a ''vacuum region" for electromagnetic 
waves. The vacuum width as well as the plasma diameter 
changed with the changing of the mirror ratio. The cause of 
this was considered ; plasma was transported along the 
magnetic field lines and plasma recombination occurred at 
the point where the magnetic fields lines crossed the 
chamber walL Even if the electron density is high enough, 
the electromagnetic waves can propagate in the stable 
vacuum region from the quartz window toward outside the 
ECR region. Therefore, there is a possibility to contribute to 
the improvement of the plasma uniformity. Namely, the 
vacuum region is expected to have a role as a wave guide. 
The electromagnetic waves were examined as a function of 
axial position by a movable loop antenna along the magnetic 
field lines. Observed wave patterns indicated waves 
propagating parallel to the magnetic field lines at different 
radical positions, R:0.02 and 0.095 m, respectively. At 
R:0.02 m, the R wave was found to propagate from Z:0.07 
m to the ECR point Z:0.29 m. On the other hand, the waves 
with long wavelength were found at R:0.095 m, and the 
polarization was left. However, the electromagnetic waves 
with long wavelength have not been confirmed to be the L 
wave because the change of wave patterns was not sensitive 
to the different phase in some cases. This is natural because 
in the case of low electron density, the electric field 
polarization of the TEll mode does not indicate right or left; 
rather, the fields become lineary polarized like ones in a 
vacuum. An interferometric wave pattern at R:0.095 m 
clearly indicated that the wave observed is composed of two 
modes, short and long wavelength modes. Therefore, the 
mode conversion is considered to occur in the radical local 
region (within the width of 0.01 m) in the plasma, around 
R:0.095 m lll1der the experimental condition. 
